Overview
The information technology industry forms an ecosystem that consists of thousands of companies producing a vast array of interconnected products and services for consumers and businesses. This ecosystem was valued at more than $3 Trillion in 2008. 2 More so than in any other industry, unique opportunities for new technology products and services stem from the ability of IT businesses to build new offerings in combination with existing technologies. This creates an unusual degree of interdependence among information technology products and services and, as a result, unique opportunities exist to encourage competition and innovation.
In the growing ecosystem of companies that provide software services delivered via the internet -or "cloud computing" -the opportunities and risks are compounded by a significant increase in interdependence between products and services. This means that competition is increasingly driven by platforms -common technologies and capabilities that are shared among members of the ecosystem to enable the creation of new products and services. Firms like Amazon and Facebook which have launched internet platforms to enable the delivery of software services, have not only achieved unprecedented adoption rates, but also erected strong advantages over competitors in a very short period of time. Despite the current popularity of internet software products and services, continued innovation in this sector is not assured. Sustaining innovation will depend on the conduct of those firms that wield the most competitive influence.
Cloud computing is different from traditional software in a variety of ways, as I discuss below.
Despite the differences, it is useful to examine the lessons learned from the personal computer ("PC") and "desktop" software industry. This paper focuses on the importance of certain patterns of behavior, which I describe here as "principles". These principles were important in the growth of PC software and in the overall health of the information technology ecosystem. 3 The same principles will shape competition in internet software.
Economic analysis often reviews the role of principles -such as respect for intellectual property rights -in driving innovation. Given the interdependent nature of innovation in information technology, three core principles have emerged that work together to ensure that complementary, interconnected products coexist and compete. These core principles are particularly important when applied to platforms, which have played a central role in enabling the development and distribution of the variety of applications and services that drive the popularity of software. The first principle focuses on enabling choice: firms should allow consumers and partners to have a real choice between complementary products and services from otherwise competing firms (e.g., a browser should enable a consumer to choose a home page provided by a competitor). The second principle focuses on opportunity: specifically, opportunity that is facilitated by giving developers platform access and the ability to innovate and build on platform technologies to create new products and services. The third principle focuses on interoperability: vendors should enable products to work together so customers can realize the full benefit of complementary products offered by competing vendors. Following this principle enables products to connect to each other in appropriately defined ways, and ensures that users can port their data between products securely and reliably.
The principles of choice, opportunity, and interoperability should shape policy, strategy and design decisions for new software products and services. It should be noted that application of the principles is not black and white, as the principles can often create tradeoffs with other important criteria, such as a product's performance, ease of use, or a consumer's overall integrated experience.
Still, the principles of choice, opportunity and interoperability should factor in each decision since they have an important impact on protecting competition and driving innovation. Leading companies observe the principles to varying degrees and in various ways. With respect to the Windows platform, Microsoft's approach was the subject of significant legal and public scrutiny in the past. Microsoft has since gone beyond the terms of the Consent Decree 4 it negotiated with the US government in 2002 by publicly and voluntarily agreeing to adhere to a version of choice, opportunity, and interoperability known as the "Windows Principles" for future versions of the Windows desktop. Microsoft has also announced "Interoperability Principles" that apply to such best-selling products as Microsoft Office, as well as "Privacy Principles" for its online search advertising offerings. 5 The current wave of innovation in the technology industry integrates new internet based software applications and new hardware devices (such as smart phones) with traditional desktop computing. Specifically, internet software complements the power of the personal computer by integrating traditional desktop software with applications and services that reside on remote computers accessed over the internet. Driven by consumer demand for ubiquitous access to applications and information, for extensive integration between technologies, and for interoperability between complementary products and services, this market is slated to reach $100 billion by 2011. 6 Compared to traditional desktop and business software, the confluence of internet and personal computing experiences is developing at an unparalleled pace.
Should companies follow the concepts of choice, opportunity and interoperability in designing browsers and building internet software platforms? 7 Do the principles apply to internet software? If so, can a company follow this framework and create successful, innovative products while also ensuring that a competitive internet software industry is preserved? Already, many companiesAmazon, Apple, Google and Microsoft to name a few -are making substantial investments in internet software. Amazon promotes a flexible, accessible internet software platform for developers and users and also appears to be making a strong effort to implement the choice, opportunity and interoperability principles. 8 This paper argues that choice, opportunity and interoperability principles provide an important perspective with which to understand efforts in internet software, particularly as these efforts continue to develop at an unparalleled pace. This is especially true for platform products with a larger industry footprint, one measure of which is larger share. A rich and diverse internet software ecosystem of firms delivering complementary products and services will generate very significant value, and will positively impact all participants, large and small. The three principles, and their impact on complementary innovation, are therefore not only important to small start-ups, but also for the long term value of the larger competitors.
Let's start our analysis with a review of the history of the desktop software ecosystem, and the importance of these three principles in that ecosystem.
Competitive Principles and the Personal Computer Ecosystem
Since the 1960s, the information technology ecosystem has relied on an increasingly large number of firms to provide interdependent and complementary software, hardware, and service Microsoft's strategies worked well. During the 1990s, Microsoft Windows became the platform deployed by the greatest number of software providers (see Figure 2) , used by the greatest number of developers (five to six million) 13 , spawning the greatest number of applications (tens of thousands) 14 , and enabling the greatest number of hardware and device configurations (virtually infinite The history of the personal computer ecosystem shows the importance of choice, opportunity and interoperability to technological innovation as disparate firms delivered interdependent products that worked well together and added to each other's value. Clearly, the successes of the 1990s did not happen without setbacks, both for the industry and for Microsoft. 16 The evidence, however, shows that despite instances of behavior that did not follow the principles, the widespread existence of choice, opportunity, and interoperability for developers and consumers enabled the growth of an enormously successful ecosystem. In fact, the Windows business model was and continues to be based on the strength of its ecosystem. 17 The importance of the principles of choice, opportunity and interoperability to the success of the personal computer ecosystem also has a foundation in academic research. Economics and business interoperability create a foundation for complementary innovation. 19 In an ecosystem of interconnected products, where innovation depends on the benefits achieved by combining a large variety of complements, these principles preserve the ability to combine and recombine technologies.
In essence, the whole can be much more valuable than the sum of its isolated parts. 20 This general paradigm of recombination holds true for the internet software market.
Customers benefit greatly by combining new technology with technology they already use (accessing your Facebook page on your mobile phone and your computer). At the same time, firms benefit greatly from combining their technology with complementary platform technologies provided by others (you don't have to build your own browser to develop a new internet application). In essence, the principles illuminate three basic requirements for platform-based technological recombination to work well:
1. Firms need to have the opportunity to provide new products that build on common existing platforms (preserve opportunity for developers);
2. Customers need the flexibility to choose which product combination is best for their needs (preserve choice for customers);
3. Platform products and services should be designed to enable a variety of product combinations to work together reliably and securely (preserve interoperability).
These principles are important in an ecosystem where platform products and services are interconnected, an importance that increases significantly when applied to a product that has a significant industry position and wields a major impact on its ecosystem of complements.
The principles are also individually important. A software provider who follows the principle of choice allows customers and distribution partners to choose between different providers of complementary capabilities and services. Following this principle means giving customers and partners access to products, and services from other providers, and the ability to select those other providers' offerings as their primary choice for a complementary capability. By doing this, the software provider commits to a substantial technical investment -to ensure that its product works with features, products, and services from other firms. The principle of interoperability enables connections between different ecosystem participants and is important to both customers and developers. It is also crucial because it enables customers to exchange information securely and reliably with other computers, systems, and applications.
Interoperability between two products can be thought of as a continuum, with neither perfect nor no interoperability necessarily being the desired solution. 24 25 A technology provider who follows the principle of interoperability recognizes that his or her products need to work with and transfer data to and from other complementary (and even competitive) products. For example, to facilitate interoperability, a software provider can ensure that certain interfaces are documented and accessible to complementary providers. Additionally, the software provider can ensure that his or her products allow for customer data portability between complementary products.
Naturally, these three principles are not the only considerations in driving software innovation.
Choice, for example, is often balanced by simplicity, as some consumers may prefer to have a narrower range of integrated options, which may optimize ease of use. And it is often the case that a company may decide to simplify the user's experience within a single, highly integrated product, at the expense of the opportunities provided by a more open design that enables a variety of complements provided by other firms. Additionally, interoperability is a vastly complex subject with many shades of grey, many product performance implications, and many ways in which an apparently "interoperable" product can still fail to create a level playing field for developers. But despite their subtlety, and despite the existence and importance of other considerations, choice, opportunity, and interoperability remain important foundations of innovation and competition, as the information technology sector becomes increasingly interconnected. 24 While no interoperability is certainly not desirable, perfect interoperability between two systems is also not desirable since it would imply having two identical systems. The more one designs a product around interoperability, the more one introduces constraints in the design process, and potentially limits innovation or reduces the quality of the consumer experience. The objective, from a design perspective, is to design a product that works well with other products and services, but still maintains its own design integrity. 25 Moore, The Death of Competition:Leadership and Strategy in the Age of Business Ecosystems, 1997 In sum, both history and academic research show the importance of the competitive principles of choice, opportunity, and interoperability in the IT ecosystem. These principles were important during the early history of the personal computer and of desktop software. Because of the high adoption rate and pervasive interdependence of internet software, these principles should remain important in the future.
The Principles at Work in Internet Software
In recent years, internet software has attracted billions of dollars in investment from leading technology companies 26 and generated a proliferation of new product and service offerings. 
A. Internet Software Platforms
Over the last few years, companies have invested billions of dollars in the creation of internet software platforms, creating virtually unprecedented opportunity for software innovation. Internet software platforms consist of tools, technologies, and infrastructure that enable developers to design and deploy internet applications. They include hardware, networking, software and even business tools. The infrastructure investment to scale an internet platform business to substantial volume is high. A high volume internet platform business requires large capital expenditures to build and maintain the required data centers and technology infrastructure. 28 But while internet platforms are more capital intensive than traditional manufacturing companies, we've seen significant growth in the number of internet platform product launches during the past few years (see Figure 3) . Part of the opportunity here is that infrastructure heavy internet platforms (such as Amazon AWS and Microsoft
Windows Azure) can share access to their own data centers with other, incipient platforms, which dramatically lowers entry barriers for them.
Internet platforms are intrinsically focused on expanding developer opportunity. Internet platform providers shape and pursue explicit strategies to build their business by attracting developers.
Amazon's Elastic Compute Cloud communicates on its web site how it "is designed to make web-scale Finally, internet platforms help developers generate revenue quickly, by making it easier for them to use a range of revenue models, such as subscription pricing and advertising-funded software.
The advertising-funded revenue model is widely used and generates revenues per user comparable to traditional desktop applications. Because these revenue models are more quickly implemented on internet software platforms, developers generate faster returns on their investments.
There is little doubt that internet software platforms can provide opportunity for developers.
The challenge will be to preserve at least some degree of interoperability. Ensuring the portability of data between different platforms will be important, such as sharing contacts information between email and instant messaging across different clients. However, even if the data portability problem is solved, will work with a platform can pose significant challenges to developers and create lock-in. 38 Commentators have underscored long-term risks as they contrast Google's AppEngine with other platform providers: "Although Google App Engine offers some clear advantages and lowers the barriers to entry for startups and independent developers, the potential for lock-in creates risks that could prove more costly in the long-term. The constraints of the service could make it look considerably less appealing than Amazon's more open-ended EC2 service. " 39 , 40 For cloud platforms to be successful in the long term, it will be important to balance the need for each platform to differentiate, with the broader benefits of interoperability.
The broad range of solutions offered by platform providers to developers also creates additional options for "controlling" developer opportunities, effectively reducing access to market for some developers. The business opportunities generated by platforms may not be available to all developers or all applications in the same way. For example, Salesforce.com exerts control through editorial recommendations. There is no doubt that some editorial control may ultimately improve quality available to consumers -still, the lack of transparency in the editorial process has caused some complaints. Salesforce staff has selected eight applications to be "AppExchange Essentials for
Everyone", and four of those eight were written by Salesforce, leaving limited slots available for thirdparty developers. 41 Similarly, Google has an approval process that restricts which applications are listed in their marketplace. 42 These examples highlight the fact that competition between the platform providers will be important to continued innovation. The principles of choice, opportunity, and interoperability provide a useful lens with which to examine the competitive efforts of various providers.
Internet Applications
Internet applications represent the principal way most people experience the power of internet For several years, Internet distribution, with Apple as the already clear market leader, has been poised to displace many of the more traditional forms of music and video distribution. However, 51 In addition to preserving access to a broad selection of competitive internet applications, Windows Live also gives its users choice in how they sign in to the service and store their personal information. when we compare the success of internet distribution to the ubiquity of CDs and DVDs, it is clear that the potential of internet applications for music distribution and playback still remains largely unfulfilled. This is at least partly due to the lack of interoperability, which limits user adoption as well as opportunity for third party developers and content providers.
The success of internet applications will not sustain itself without implicit or explicit acceptance of the competitive principles noted above. The principle of choice drives innovation and competition in internet applications, as it allows customers to select between competing application providers, and not be forced to adopt one over the other by a particularly powerful industry player (or vertically integrated platform provider). The principle of opportunity facilitates that choice by allowing developers to create applications for a wide range of platforms. This preserves competition and drives innovation. The principle of interoperability enables customers to exchange data between different applications, and not be trapped into the services of one dominant provider. many of which compete with Microsoft's own properties, or to find and select any desired home page. 62 Finally, the principle of interoperability has long been essential to browser design. HTML, the language used to structure much of the information in a web page, is published by the Internet Engineering Task Force and the World Wide Web Consortium, and has been central to browser design for many years. The whole idea of a browser is to be able to interpret a vast diversity of web pages. As a result, browsers have long been designed to common standards.
B. Web Browsers and Browser Plug-in Technology
Today, standards and interoperability remain a core part of the design of web browsers.
Reviews generally agree 63 that Internet Explorer 8 is highly compliant with open internet standards.
The importance of interoperability was underscored when Google's Chrome web browser launched without support for many popular browser extensions, 64 also denying many third-party developers the opportunity to innovate on top of the Chrome browser. While these interoperability concerns may be resolved in later releases, it's important to note that the development cycles of leading firms can often result in a lack of interoperability with new standards that do not make it into current release cycles.
Going forward, key engineers and CTOs from Internet Explorer, Firefox, and Chrome have all publicly supported "continued development of web standards." 65 This can be seen in the example of AJAX, a set of web technologies used for creating Internet applications. As AJAX gained in popularity with large and small application developers 66 and development tool providers, 67 leading technology providers formed the OpenAjax Alliance so that "Ajax fulfills its potential as the industry standard." 68 The Alliance is made up of over 100 technology providers, including browser providers Microsoft,
Conclusion
This paper examines the increasing importance of the competitive principles of choice, opportunity and interoperability as the information technology ecosystem fully embraces the internet.
These principles, grounded in the fields of economics and business strategy, were important in the success of personal computer and desktop software and will continue to be important in the future.
Much has changed since the early days of personal computer software. The explosion of the internet as a distribution medium has dramatically reduced software distribution costs and expanded opportunities for software developers. These same developers can now also employ a variety of powerful platforms, hardware and infrastructure to create and deliver a new generation of applications, powered by remote computers on the internet and available anywhere, on a broad variety of hardware devices. The number of innovative applications has skyrocketed, and the choices available to customers have increased.
Born out of the necessities of an ecosystem of complementary, interdependent products and services, the competitive principles of choice, opportunity and interoperability are important in internet software, because of the increased variety of possible software and hardware combinations and the increased interdependency in the applications and services they deliver. Despite the current strength and promise of the internet software market, the future pace of growth and innovation is not assured.
As software companies compete for continued growth and profitability, some may emphasize short term over long term interests. Some may limit consumer access to competitive applications. Others will foreclose developers from designing products that compete with their own products. Others still may trap consumers onto their applications by locking in their data. As the paper discussed, internet services providers have already attempted each of these behaviors.
Given the unprecedented speed at which the internet software industry is developing, the window of opportunity for public awareness and action is short. As we look forward, it will be important for consumers and the industry to watch carefully as different companies compete. The principles of choice, opportunity and interoperability should serve as an important lens, particularly when focused on companies with especially large footprints in the new markets. Perhaps most importantly, successful technology companies should not forget that innovation and growth in the technology sector is dependent on promoting a thriving ecosystem of complementary and interdependent products. 
